Introduction: The purpose of this study was to identify the key barriers to a customer-focused drug development process and develop a comprehensive framework to overcome them. Methods: The paper draws on existing literature, both academic and practitioner, across a range of disciplines (innovation management, marketing, organizational behavior, behavioral economics, health economics, industry reports). On the basis of this extensive review, a conceptual framework is developed that offers concrete suggestions on how organizations can overcome the barriers and enable a more customer-focused development process. Results: The barriers to collaboration are organized into three distinct categories (economic, behavioral, organizational), and within each category, a one-to-one mapping between barriers and solutions is developed.
INTRODUCTION
On 18 October 2007, Pfizer announced the withdrawal of its inhaled insulin brand Exubera Ò from the market. Just a few months earlier, the company predicted the drug would be a US$2 billion-a-year product. Yet, at the time the withdrawal decision was taken, Exubera had barely reached sales of US$12 million, and it had cost Pfizer over US$2.8 billion [1] . It is not uncommon for pharmaceutical companies to terminate drugs and write off substantial investments during clinical trials (and occasionally after market launch) owing to safety concerns. But what really made Exubera stand out as one of the most unprecedented and Enhanced content To view enhanced content for this article go to http://www.medengine.com/Redeem/ 8598F06012A083E4. stunning failures in the history of the pharmaceutical industry [1] was the fact that the withdrawal decision was entirely based on disappointing sales, rather than any safety or efficacy concerns [2] .
One unique feature of the pharmaceutical industry is that the patient who receives the drug is rarely the person who decides on that treatment or even pays for it. Instead, prescribing decisions in developed healthcare markets are typically made by physicians, and the payments are often made by insurance companies, government, or other organizations, with little or no payment directly from the patient. This creates a unique environment in which a successful commercialization strategy has to meet not only the regulatory requirements of the Food and Drug Administration (FDA) or European Medicines Agency (EMA) but also the requirements of the three end customers: the patient, physician, and payer. The term ''payer'' broadly refers to the healthcare budget holder and can include, e.g., Medicare in the USA. A high profile European organization, which reviews therapies from a cost perspective and provides guidance, is the UK National Institute for Health and Care Excellence (NICE). Traditionally, pharmaceutical companies have launched blockbuster drugs by just focusing on patients and physicians. This is no longer the case: given the ever rising reimbursement hurdle, a successful commercialization strategy relies on a sound understanding of the payer's needs and priorities. This aspect has been overlooked in the existing academic literature. In this article, we develop a framework to address this gap and enable organizations to better align their drug development process with the expectations of the end customer, and more specifically, the payer.
Consider again the case of Exubera, a drug that faced significant opposition from payers. In the USA, many insurance companies refused to cover treatment because Exubera was more expensive than existing treatments: US$5 compared with US$2-3 for injectable insulin [3] . In the UK, NICE argued that Exubera should only be approved for diabetics who had a proven fear of needles, as it offered no advantage over existing treatments [3] . The Exubera story is by no means unique. In recent years, there have been several drugs that met regulatory safety and efficacy hurdles, but failed to meet payer hurdles, e.g., Avastin
Ò [4] and Zaltrap Ò [5] . Executives in pharmaceutical companies are well aware of the increasing role of the payer, and the fact that regulatory approval can no longer be considered a guarantee for market success and profitability. According to Harrison [6] , 24% of drug failures in phase II and phase III can be attributed to commercial and strategy reasons. Given that the average development cost for a new drug is estimated at US$1.4 billion (out-of-pocket) and US$2.55 billion (capitalized) dollars [7] , anticipating and avoiding such market failures earlier in the process could potentially save companies hundreds of millions of dollars in research and development (R&D) costs. However, to achieve this, close collaboration between the R&D and commercial teams is critical. Such a collaboration requires that the project initiation and continuation decisions are made using the best possible information, rather than subjective and biased estimates. Numerous academic studies have shown how better communication between the commercial and R&D teams can lead to projects with a higher success rate, a greater percentage of sales coming from new products, and a higher likelihood of successfully delivering the company's strategic goals (see [8] and the references therein). As a result, the extant academic literature highlights the importance of having a cross-functional team that brings together experts from various departments and ensuring that the project progresses to meet both the technical and commercial requirements [9, 10] .
However, for most pharmaceutical companies, and despite the growing realization about the importance of the payer, the flow of information between the R&D and commercial teams is not always optimized. For example, development teams might not always include appropriate comparators (e.g., existing standards of care) in the clinical trials, but rather rely on placebos. This might be acceptable for regulatory approval by the FDA or EMA, but it is often not sufficient for the payer, who is likely to require evidence of direct comparison with the existing standards of care (when applicable). As a result, a number of projects that are unlikely to meet the customer's expectations continue to consume valuable resources as a result of biased information and organizational inefficiencies. By its very nature, developing new drugs will remain a highly risky and complex process. Expensive failures are an inherent part of medical discoveries, and that is why it is so critical for organizations to identify these failures as fast and efficiently as possible. This is precisely why maintaining a focus on the patients' and broader societies' true needs becomes even more important. This challenge is equally critical for drugs that are developed in-house (by the internal R&D team of the organization) or are in-licensed from external organizations (e.g., through various types of partnerships).
The goal of this study was to develop a framework that would enable a better communication flow, and develop tangible suggestions on how to make the drug development process more customer-focused. The first step was to identify key barriers to cross-functional collaboration that have traditionally prevented an integrated development process in the pharmaceutical industry. To better understand the underlying causes of these barriers, they were categorized into those driven by economical, behavioral, or organizational reasons. For each category, an extensive literature review was conducted to identify the most effective management practices to overcome the specific challenges. This review covered a number of academic papers that spanned a wide spectrum of research (from organizational and behavioral economics to innovation management and organizational theory). For each literature-based solution, specific examples on how the proposed solution can be applied to the drug development process are provided. The central proposition of this work is that overcoming these barriers will allow pharmaceutical companies to prioritize projects that are more customer-focused and, therefore, generate more value (both for the companies and the patients). This article does not contain any new studies with human or animal subjects performed by any of the authors.
CHALLENGES TO COLLABORATION AND COMMUNICATION

Economic
The first and foremost characteristic of pharmaceutical R&D is its highly uncertain nature, manifested directly in the high failure rates of new drugs. Developing new products is challenging and entails a great deal of risk for most industries [11] . Even so, the attrition rates of new pharmaceutical products are at a different order of magnitude compared even with the riskiest industries: for those drugs that successfully reach clinical testing (testing in humans) fewer than one in five (around 16%) will receive regulatory approval [12] . These high attrition rates have been relatively stable across the past few decades, unlike the cost of conducting clinical trials, which has consistently increased [13] .
The high attrition rates mean that pharmaceutical R&D teams are often susceptible to so-called progression-driven behavior where they focus their efforts on advancing a compound to the next stage without first ensuring that this is the right decision. However, in many cases, potential failures could be detected earlier. A recent study by Pfizer examined the decision-making processes behind 44 development programs [14] . A striking finding was that all programs that had successfully completed clinical proof of concept (PoC) could provide clear evidence that proper testing procedures had been followed in previous stages. On the contrary, for almost half (43%) of those that failed at PoC, there was little evidence that all the necessary testing procedures had been followed. Had proper testing taken place, these failures would have been detected much earlier, saving the company millions of dollars. The need for superior clinical outcomes against the standard of care is even greater when a price premium is required to meet the cost of development. The existence of this progression-driven behavior is also highlighted in an extensive longitudinal study of AstraZeneca's small-molecule pipeline that examined the root causes behind project failures [15] . A possible explanation, suggested by the authors, is that ''the use of volume-based metrics encouraged project teams and leadership groups to progress projects to the next phase in order to meet yearly goals''.
A second characteristic of the drug development process that further complicates collaboration and efficient decision-making is its long development cycles. Even if we exclude the discovery phase of a new compound, it still takes 6-7 years from filing of a new molecular entity to getting regulatory approval (Pharmaceutical Research and Manufacturers of America [16] ). During these lengthy cycles, a number of factors can separate the actions of an individual or group from the end goal of the project: market launch. In addition, given the highly specialized nature of the tasks and activities involved, this process is highly fragmented: different groups in the company, or even different companies (e.g., contract research organizations), are involved at different stages. As a result, scientists and managers are often rewarded on the basis of interim goals [17] . While such a reward scheme might seem understandable, given the lengthy development times, a by-product of these interim goals is that managers are often held accountable for reaching only a specific milestone, without bearing any overall responsibility for the subsequent clinical or market access success of the drug. As such, the different organizational units tend to operate in ''silos'' [17] [18] [19] that develop a ''throw-over-the-wall'' mentality at the hand-over points. This can be hugely inefficient if seemingly promising products that meet interim safety and efficacy goals lead to commercial failures if the end customer's criteria are not taken into account early on and incorporated into the clinical development plan [20] .
The high costs associated with the development process in the pharmaceutical industry can pose a third critical obstacle to collaboration across the different organizational units. Given the high cost of conducting clinical trials, which often run into the hundreds of millions [7] , the different business units (e.g., therapeutic areas) within the company often have to compete for very scarce resources. To secure their budget and, therefore, their future development, business units might convey overly optimistic forecasts about the technical and commercial success of a given drug [21] . Because of the highly specialized nature of those forecasts, it is not a trivial exercise for someone outside the business unit to challenge them or the methods used to reach them. Clearly, this is extremely inefficient, as those forecasts are bound to fail in later stages, after having consumed an enormous amount of resources.
Taken together, the three key characteristics of the pharmaceutical industry (high failure rates, long development times, and huge development costs) can create an environment in which there is misalignment in incentives between specific individuals or groups and the overall organization. When that happens, collaboration suffers and development teams focus on the short-term viability (or competence) of their narrowly defined ''silo'', rather than contributing to the end goal: developing customer-focused medicines.
Behavioral
Among the most pervasive managerial behaviors is the practice of ''throwing good money after bad''. As noted in Cooper [22] : ''projects get a life of their own and become like express trains, slowing down at the stations, but never with the intention of stopping until they reach their ultimate destination, market launch''. Royer [23] also analyses a number of product failures, highlighting that development teams kept going even though there were clear and consistent signs pointing to a near-certain failure. For example, during the development of a novel lens, both the regulatory authorities and opticians expressed clear concerns about its benefits. However, the development team chose to ignore them [23] .
The seminal work of Staw [24] demonstrated that subjects were likely to continue making investments in failing projects, despite evidence of negative performance. Importantly, more money was invested in a project when the subjects themselves, rather than an outsider, were also responsible for earlier funding decisions. This self-justification effect has been replicated in a number of subsequent experiments [25, 26] .
A second important bias that prevents efficient decision-making is the confirmatory bias. Here, it is not the past involvement of the decision-maker that biases their future actions. Instead, their current beliefs affect how they seek new information about the project. Specifically, cognitive studies have shown that people tend to seek information that confirms their existing beliefs [27, 28] , and at the same time heavily discount information that contradicts those beliefs [29] .
As discussed earlier, the R&D process in the pharmaceutical industry is a complex endeavor that requires highly specialized expertise. Moreover, developing ground-breaking science for unmet medical needs requires an extraordinary amount of perseverance and commitment to succeed. However, those very qualities can often lead to overconfidence [30] : scientists become ''true-believers'' that their compound will be successful, despite all the evidence against it. This creates an emotional attachment that further amplifies self-justification and confirmatory bias. As a result, the scientists (or the specific development team) develop a ''groupthink'' mentality [31] where the team isolates itself from the rest of the organization and defends its product by being overly optimistic or by focusing on a narrow set of criteria that might not include the end customer's needs.
Organizational
Developing and marketing new products is a truly interdisciplinary process that involves a range of individuals from different organizational functions. Research has shown that employees' beliefs and values, and hence their behaviors, are largely driven by the specific functions or groups they belong to. This is expressed in Dougherty [19] : ''Departmental thought worlds partition the information and insights. Each has a distinct system of meaning which colors its interpretation of the same information, selectively filters technology-market issues, and produces a qualitatively different understanding of product innovation''. The existence of an insular culture in which people work closely with and learn only from their own group, while excluding those outside the group, is a major barrier to collaboration, and ultimately to product performance. The effect is clearly demonstrated in Hansen et al. [32] who studied 121 product development teams at Hewlett-Packard: the study identified certain teams that only sought solutions within their own team rather than reaching out to other divisions (even when the problem at hand required an interdisciplinary solution). Interestingly, the data also revealed that when teams did reach out to other divisions, they did not necessarily reach out to the ones that would have the highest expertise for their particular problem. People tend to approach those they know and have good relationships with [33] or those they feel most comfortable with [34] .
Such organizational barriers to cooperation become even more critical in highly complex development environments such as the pharmaceutical industry. First, the specialized nature of the different processes and tasks creates a direct, and at first sight unavoidable, barrier to collaboration. Specifically, development teams in the pharmaceutical industry might consist of experts from target and drug discovery teams (from synthetic organic chemistry to molecular and cellular biology), clinical teams (from pharmacodynamics and toxicology to pharmacokinetics), and regulatory experts. At the same time, more commercially focused teams consist of experts spanning market access, marketing, medical affairs, finance, and corporate affairs, as well as business development teams that identify the most promising opportunities from the external environment. These individuals are experts in their own area, and possess knowledge and experience that cannot be easily codified or quantified. The organizational literature refers to such tacit knowledge as ''sticky'': and transferring it across organizational functions is not a trivial task [35, 36] . Hence, an integrated decision-making process has to rely on the collaboration and effective participation of all teams.
FRAMEWORK TO OVERCOME THE CHALLENGES AND PROMOTE A CUSTOMER-DRIVEN DEVELOPMENT PROCESS
Addressing Economic Barriers
Firstly, a customer-driven mentality requires a focus on the end goal (i.e., commercial success), and as such, a decision-making process that will effectively filter products that will ultimately not meet the customer's requirements. For the pharmaceutical industry, this implies that incentives for the development teams need to be designed in such a way that they promote truth-seeking experimentation, rather than experiments that would accomplish short-term milestones. To overcome such misaligned incentives, recent research has shown that motivating the right kind of experimentation requires a culture with tolerance for failure [37] [38] [39] . In practice, and specifically for the pharmaceutical industry, a tolerance for failure would require a stronger emphasis on rewarding the decision-making process itself and not just the interim outcomes. Such process-based metrics encourage employees to focus on the tasks that generate the highest value for the organization, even when those tasks cannot be directly observed and measured [40] .
A second key step towards a more customer-centered development process is to facilitate transparency in the resource allocation process. Sharpe and Keelin [21] emphasize the importance of an integrated framework that enables transparency and consistency in the assumptions and assessment criteria that different business units use to assess their R&D projects. In the example they describe, the key task of the development teams was not to prepare reports that defended their projects, but to demonstrate and document their assumptions and information sources in a succinct and reliable way. On the other hand, the role of senior management was to challenge these valuations in a constructive way, and facilitate a discussion in which the strengths and weakness of each project were identified not in isolation, but with respect to the R&D portfolio of the entire organization. This iterative and complementary relationship between a top-down (where senior management sets the priorities) and a bottom-up approach (where the development teams provide the critical information) is essential for effective project portfolio selection [41, 42] .
Lastly, incentive schemes should strike a balance between bonuses based on individual or unit-specific performance and those based on company-wide performance. The latter are particularly effective in enabling better collaboration and knowledge sharing, particularly among competing groups [43, 44] . Huckman et al. [45] describe in detail how Wyeth pharmaceuticals restructured its incentive and reward systems, so that the bonuses of all eligible scientists in the development teams were based on the degree to which the entire organization achieved its objectives. The key objective of this initiative was to motivate the development teams to look beyond their departmental ''silos'' and strengthen synergies across the various therapeutic areas.
Addressing Behavioral Biases
The first step in overcoming any behavioral bias is the realization that we are all susceptible to them. This is far from trivial. As noted in Russo and Schoemaker ( [30] and references therein), most humans, including managers, have a rather poor understanding of the limits of their knowledge. According to Lovallo and Kahneman [46] , such overconfidence often leads managers to believe that they can overcome the challenges in executing a project, even when there is clear evidence to the contrary. This is also consistent with Hammond et al. [47] and Sengupta et al. [48] who argue that even the most experienced and intelligent managers are susceptible to behavioral decision traps. As such, a key recommendation in all of the above studies is that decision-makers should realize the limitations of relying solely on their own judgment, and instead seek to validate it through objective feedback from other units or from outside the organization. It is important that people look at the data without being influenced by their role in the project or their personal connections with others working on the project [23, 46, 47] . For the pharmaceutical industry, an advisory board could ensure that challenging questions about the payer's requirements are asked early in the process, rather than a few months before market launch. There are also now more formal options to receive this external customer feedback, with the EMA facilitating a parallel regulatory and Health Technology Assessment (HTA) scientific advice procedure [49] .
Secondly, Lovallo and Kahneman [46] stress that companies have to balance optimism and enthusiasm (keeping employees motivated and focused) with realism (ensuring objective forecasts). Along the same lines, Russo and Schoemaker [30] suggest that managers should distinguish between the stages of deciding and doing. The former requires realism and a factbased approach, the latter relies more on motivation and encouragement. For pharmaceutical products, a more objective assessment at the decision stage can be achieved by setting the progression criteria on the basis of lessons learnt from comparable projects that have previously been through the commercialization process. As discussed in Lovallo and Kahneman [46] this ''outside view'', which relies on data external (rather than internal) to the project, leads to much more objective assessment because ''internal view'' assessments tend to come with numerous cognitive biases that distort their objectivity. It is important to stress here that external data are not limited to just quantifiable metrics and analytics. Relying only on these is likely to result in companies missing what customers really value [50] . The essence of the external view is that it is inclusive of both qualitative and quantitative insights.
Lastly, senior management should emphasize the need for objective and data-driven estimates about the project's profitability, and particularly about potential factors that might hinder its commercial success. Whereas managers are usually happy to produce optimistic forecasts and reports about their projects, research shows that they are much less effective in seeking information that disconfirms their beliefs [29] , especially when this information is not readily available. For pharmaceutical products, it is often difficult to provide precise estimates about a new drug's cost-effectiveness with respect to existing treatments. Models about the economic value of a drug tend to be extremely sensitive to the particular assumptions applied. A potential step forward would be the development of open-source health economic models (for an example, see [51] ) that would provide greater transparency and, in turn, more credible and consistent estimations, not only across the different companies but also from the payer's perspective.
Addressing Organizational Barriers
The first and foremost requirement for a collaborative decision-making process is the existence of unifying goals that require collective effort and commitment from all departments within the organization, including senior management [52] . For this reason, Morgan Stanley decided to introduce peer-evaluation, even in their senior management committees. According to Tom DeLong, senior executive at the time: ''Operating Committee members who normally did not share the important knowledge of their divisions realized that at the end of the year they would be evaluating one another. All of a sudden they began to share more information, knowing the consequences at year-end for their evaluations if they didn't'' [52] . For the drug commercialization process, this implies that even though the overarching governance body consists of individuals from different functions, it should maintain a clear and strong focus on the end customer's needs [53] .
The second important step towards overcoming an insular culture is the development of so-called T-shaped management [54] : managers who can simultaneously excel in their own area (the vertical part of the ''T'') and support collaboration across the different areas (the horizontal part). Such behavior is in sharp contrast with that of ''lone star'' managers, who only focus on their own performance, or that of ''corporate butterflies'', who seemingly collaborate with everyone in the organization but without serving a specific purpose. Fostering a T-shaped management approach means that collaboration needs to be measured and evaluated. Hansen et al. [55] discuss how management consultancy Bain and Company directly evaluates their partners on how much they have helped other colleagues by collecting detailed data on their collaborative activities. This evaluation comprises a significant part of the partner's annual compensation (up to 25%). The concept of encouraging T-shaped managers is also consistent with a number of other studies that demonstrate the importance of cross-functional collaboration in new product development settings [8, 56] . Such a cross-functional management approach is also imperative for managers in the pharmaceutical industry who need to be able to communicate effectively, both with functional experts and across functions.
Economic
Setup process-based metrics that tolerate milestone failure Focus on end-goal metrics rather than short-term ones, even if projects are terminated earlier.
Develop robust and transparent criteria to allocate resources between projects
Focus on the quality of informaƟon and the assumpƟons behind the calculaƟons.
Link incenƟves to the end goal
Consider linking employee incenƟves directly to overall company performance.
Behavioral
Promote transparency in assumpƟons and discussion 
Develop robust and transparent criteria to allocate resources between projects
Link incenƟves to the end goal
Behavioral
Promote transparency in assumpƟons and discussion Use comprehensive frameworks (such as the BEACON) to communicate internally the payer's needs.
Fig. 1 Actions to address barriers to customer-focused drug development
Lastly, companies should aim to create bridges between business units that traditionally were perceived as ''distant'' and cultivate the exchange of knowledge that would allow the creation of a common perspective: how each unit contributes to the customer-driven strategy of the company. For example, Dunlop et al. [53] developed a conceptual framework to address the key needs of the payer and, therefore, overcome potential reimbursement hurdles. Importantly, the framework accounts for both technical and commercial aspects. The mnemonic BEACON (Burden/target population, Environment, Affordability/value, Comparator, Outcomes, Number of studies/quality of evidence) was developed to promote the understanding of the payer's needs throughout the pharmaceutical organization. The diversity in the criteria reflects the different skills required to appropriately assess this and, in turn, the reason why the existence of a cross-functional team is an integral part of a successful commercialization process. Moreover, a key enabler for such integration is that it is embraced and perceived as a fair process [57] by all the teams involved in it. As discussed in Loch and Tapper [40] , a fair process is necessary as it helps employees overcome suspicion and accept changes by engaging them (asking for input), explaining the choices (using consistent criteria), and setting clear expectations (what needs to be achieved in the future).
CONCLUSIONS: SUMMARIZING THE FRAMEWORK
The proposed framework is presented in Fig. 1 . It shows the three key categories of barriers to collaboration (economic, behavioral, and organizational) together with specific actions that pharmaceutical companies (and others) can take to address these and enable a more customer-focused development process.
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